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species	 using	 the	 denomination:	 P. candei	 in	 Selvagens,	 Patella gomesii	 in	 Azores,	
Patella ordinaria	in	Madeira,	and	Patella crenata	for	Canaries.	This	would	be	in	agree-
ment	with	stock	delimitation	and	units	of	conservation	of	P. candei sensu latu	along	
Macaronesia.
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stricting	 the	 amount	 of	 individuals	 that	 can	 freely	 migrate	 (Barber,	
Palumbi,	Erdmann,	&	Moosa,	2000;	Kelly	&	Palumbi,	2010).	Such	con-
straints	 to	connectivity	can	 lead	 to	genetically	deprived	populations	
that,	in	the	face	of	intense	human	exploitation,	are	likely	to	succumb	
and	disappear.	To	overcome	isolation,	many	species	have	evolved	life-	
history	 traits	 that	 are	 able	 to	maximize	 dispersion	 and	 connectivity	





















In	 the	 last	 few	 decades,	 genetic	 methods	 have	 become	 a	 tool	
of	 excellence	 in	 investigating	 population	 differentiation	 estimates	
of	 a	 given	 species	 across	 its	 distributional	 range.	 Particularly,	 high-	
resolution	nuclear	markers	such	as	microsatellites	have	been	widely	











1996;	 Hawkins,	 Côrte-	Real,	 Pannacciulli,	 Weber,	 &	 Bishop,	 2000;	
Santos,	 Hawkins,	 Monteiro,	 Alves,	 &	 Isidro,	 1995).	 In	 most	 islands,	
heavy	exploitation	has	led	to	dramatic	decreases	in	limpet	abundances	
























with	 specific	micro-	habitat	 conditions	 (i.e.,	 substrate	 complexity)	 and	
environmental	variation	(i.e.,	wave	exposure)	is	known	to	occur	in	this	
species	 (Hawkins,	Côrte-	Real,	Martins,	 Santos,	&	Martins,	 1990).	 For	




within	P. candei	complex:	P. candei gomesii	in	Azores,	P. candei ordinaria 
in	Madeira,	P. candei candei	 in	 Selvagens,	 and	P. candei crenata	 in	 the	
Canaries.	 This	 classification	 is	 not	 entirely	 supported	 by	 subsequent	
studies.	For	 instance,	Côrte-	Real	et	al.	 (1996)	 found	no	differences	 in	
radular	morphology	and	soft-	body	parts	among	archipelagos	but	showed	
that	shell	shape	and	allozyme	characters	from	P. candei	in	Azores	were	
clearly	 distinguished	 from	P. candei	 in	 the	Madeira	 and	 the	Canaries.	
Weber	 and	 Hawkins	 (2002)	 also	 showed	 that	 P. candei	 shell	 shape	
could	be	distinguished	among	archipelagos	and	that	allozyme	retrieved	
two	well-	differentiated	 groups:	 P. candei	 from	Azores	 and	 Selvagens,	
and	P. candei	from	Madeira	and	Canaries.	More	recent	research,	using	
mtDNA,	 showed	 that	 samples	of	P. candei	 from	 the	Azores,	Madeira,	
and	Desertas	(located	about	25	km	southeast	of	Madeira	Island)	form	







ods	 to	 assess	 the	 existence	 of	 distinct	 groups	 of	 P. candei	 across	
Macaronesia,	 testing	 the	 subspecies	 boundaries	within	 the	 species.	
At	multiple	 spatial	 scales,	we	 evaluate	 the	 degree	 of	 contemporary	
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connectivity	 among	 populations	 and	 hypothesize	 that	 populations	
geographically	closer	 to	each	other	are	 likely	more	 related	and	con-
nected	via	larval	dispersion.	Besides	the	assessment	of	genetic	diver-









Individuals	 of	 P. candei	 were	 collected	 across	 the	 Macaronesia	 ar-
chipelagos	of	Azores,	Madeira,	 and	Canarias,	 in	12	different	 islands	
(n	=	917)	 during	 the	 summer	 of	 2011	 (Figure	1).	 In	 all	 islands,	 indi-






tip	 (SAA),	 and	 shell	height	 (SH).	These	distances	were	 then	used	 to	








archipelagos	 was	 analyzed	 using	 a	 two-	way	 fully	 hierarchical	 anal-
ysis	 of	 variance	 (ANOVA)	 with	 the	 following	 factors:	 archipelago	
(fixed)	 and	 island	 (random	 and	 nested	within	 archipelago).	Analyses	
were	 performed	 using	 PERMANOVA+	 (Anderson,	Gorley,	 &	Clarke,	
2008)	 based	 on	 Euclidean	 distances	 and	 using	 999	 permutations.	
PERMANOVA	 is	 a	 permutational-	based	 test	 and	 produces	 results	
analogous	to	ANOVA	when	based	on	Euclidean	distances	(Anderson,	
2001).	This	 test	was	 preferred	 over	 classical	ANOVA	 because	 it	 al-
lows	the	use	on	unbalanced	designs	(e.g.,	different	number	of	islands	
per	archipelago).	When	needed,	SL	was	used	as	a	covariate	 in	order	
to	 adjust	 for	 differences	 in	morphometry	with	 animal	 size.	 Prior	 to	











A	 total	 of	 83	 P. candei	 collected	 across	 archipelagos	 were	 used	 for	
landmark-	based	 geometric	 morphometric	 analysis	 (Bookstein,	 1991;	
Figure	1).	 For	 imaging,	 shells	 were	 positioned	 in	 a	 light	 background	
and	digital	high-	resolution	images	of	the	dorsal	surface	were	captured	
F IGURE  1 Map	of	sampling	locations	for	Patella candei	collected	from	the	Macaronesian	archipelagos	of	Azores,	Madeira,	and	Canaries	(NE	
Atlantic).	N	columns	indicate	the	number	of	individuals	used	for	distance-	based	morphometrics,	geometric	morphometrics,	and	genetic	analyses,	
respectively
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using	a	CANON	EOS	600D	camera	mounted	on	a	tripod	to	maintain	the	
distance	for	all	samples	and	to	ensure	that	the	lens	was	parallel	to	the	




























groups	 (archipelagos)	considering	 the	 influence	of	phenotypic	change	
associated	with	body	size	(i.e.,	body	size	was	calculated	from	landmark	
configurations	 as	 centroid	 size).	Actually,	 the	Procrustes	ANOVA	be-
tween	shape	and	size,	using	CS	is	a	way	to	assess	interspecific	allometry	
(Villegas,	 Feliciangeli,	 &	 Dujardin,	 2002).	 Because	 allometry	 was	 de-
tected	among	archipelagos	(see	section	3),	the	full	dataset	was	divided	
in	two:	one	with	small	limpets	(SMALL)	and	one	with	big	limpets	(BIG).	
















manufacturer’	 instructions.	 The	 quality	 and	 quantity	 of	 DNA	 extrac-
tions	 were	 assessed	 using	 a	 Nanodrop	 spectrophotometer	 (Thermo	
Scientific).	All	individuals	were	genotyped	at	12	microsatellite	loci	using	
the	primer	pairs	and	following	the	amplification	protocol	described	 in	
Faria	et	al.	 (2016).	Briefly,	microsatellites	were	amplified	 in	 three	dis-
tinct	multiplex	 PCRs	 (PcaMix1:	 loci	CAN18,	CAN25,	CAN27,	CAN53; 
PcaMix2:	 loci	 CAN9,	 CAN26,	 CAN32,	 CAN40;	 PcaMix3:	 loci	 CAN23,	
CAN33,	 CAN56,	 CAN60)	 on	 10	μl	 reactions	 containing	 ~30	ng	 DNA	
template,	 1	×	QiagenTM	 Multiplex	 PCR	 Kit,	 0.5–1.2	μmol/L	 of	 each	
primer	and	ddH2O.	Genotyping	was	performed	on	an	ABI	3730	(Applied	
Biosystems)	automated	DNA	sequencer	using	an	internal	size	standard	






equilibrium,	 and	 deviations	 from	 the	 Hardy–Weinberg	 equilibrium	
(HWE)	were	tested	 in	GENEPOP	v.4.2	 (Raymond	&	Rousset,	1995).	
Allelic	 richness	 [Ar(g)]	 and	 private	 allele	 richness	 [Ap(g)]	 were	 es-
timated	 using	 the	 rarefaction	 method	 implemented	 in	 ADZE	 v.1.0	
(Szpiech,	 Jakobsson,	 &	 Rosenberg,	 2008).	 Whenever	 needed,	 the	
false	discovery	rate	(FDR)	control	was	employed	to	account	for	mul-
tiple	 testing	 (Verhoeven,	 Simonsen,	 &	 Mcintyre,	 2005).	 The	 pres-
ence	 and	 frequency	 of	 null	 alleles	was	 tested	 for	 each	 locus	 using	
MICROCHECKER	 v.2.2.3	 (Van	 Oosterhout,	 Hutchinson,	 Wills,	 &	
Shipley,	2004)	and	FREENA	(Chapuis	&	Estoup,	2007),	respectively.
2.2.3 | Genetic differentiation and population  
structure
Pairwise	 FST	 estimates	 among	 populations	 were	 calculated	 using	
FSTAT	 v.2.9.3	 (Goudet,	 1995),	 and	 departures	 of	FST	 from	 the	 null	
hypothesis	of	panmixia	were	evaluated	via	a	permutation	test	(1,000	
iterations).	The	effect	of	null	alleles	in	FST	estimates	was	assessed	by	
comparing	FST	 before	 and	 after	 correction	 for	 null	 alleles	 using	 the	
excluding	null	alleles	(ENA)	method	implemented	in	FREENA.	Genetic	
differentiation	 between	 populations	was	 also	 determined	 using	 the	
Dest	estimator	(Jost,	2008)	implemented	in	the	R	package	DEMETICS	
v.0.8.4	 (Gerlach,	 Jueterbock,	 Kraemer,	 Deppermann,	 &	 Harmand,	
2010),	and	p-	values	were	estimated	by	bootstrap	analysis	(1,000	rep-
licates).	 For	 all	 analyses	 involving	 multiple	 tests,	 significance	 levels	
were	adjusted	by	the	FDR	method.




Weinberg	 and	 linkage	 equilibrium	 within	 each	 cluster.	 No	 particular	
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population	 structure	 was	 assumed	 a	 priori	 (LOCPRIOR	=	0),	 and	 ten	
independent	runs	were	carried	out	for	each	value	of	K	 (1–11).	Length	











2005).	Thus,	 in	order	 to	 resolve	 lower	 levels	of	 subdivision,	 structure	

























2.2.4 | Isolation by distance and gene flow
To	test	for	isolation	by	distance	(Wright,	1943),	linearized	FST	trans-
formation	 (FST/[1	−	FST])	was	 regressed	onto	 the	natural	 log	of	geo-
graphic	distances	(GD;	Rousset,	1997).	Regression	with	GD	was	also	
performed	with	the	differentiation	estimator	Dest	matrix.	Regression	
analyses	 were	 performed	 in	 R	 and	 tested	 for	 significance	 with	 a	
Mantel	permutation	procedure.	Moreover,	given	the	heterogeneous	
nature	of	 samples,	 the	Monmonier’s	maximum	difference	 algorithm	
implemented	 in	 BARRIER	 v.2.2	 was	 used	 to	 highlight	 geographical	









Analyses	were	 only	 conducted	 among	 archipelagos	 due	 to	 the	 lower	
accuracy	of	BAYESASS	when	migration	rates	are	high	and	genetic	dif-
ferentiation	 is	 low	(see	section	3)	 (Faubet,	Waples,	&	Gaggiotti,	2007;	
Meirmans,	2014).	The	program	was	 run	 for	3	×	106	MCMC	 iterations	













mental	 factors	 that	 are	more	 likely	 to	 explain	 the	observed	patterns	
using	a	generalized	linear	model.	The	method	employs	a	Bayesian	ap-
proach	and	Markov	chain	Monte	Carlo	 (MCMC)	 techniques	 to	make	
inferences	of	 recent	gene	 flows	 in	 subdivided	populations	 (Faubet	&	
Gaggiotti,	 2008).	 Preliminary	 trials	 included	 all	 populations	 but	 be-
cause	population-	specific	FST	values	below	0.01	can	be	problematic	for	
parameter	estimation,	 analyses	were	performed	on	 samples	grouped	










each	of	 the	20	 replicates	 using	 a	 thinning	 interval	 of	 100	 iterations,	
using	default	 settings.	The	posterior	probabilities	were	evaluated	 for	
the	 run	with	 the	 lowest	Bayesian	deviance	 (given	by	 the	assignment	





Shell	 samples	 of	 P. candei	 ranged	 in	 size	 (SL)	 between	 1.35	 and	
6.35	cm,	with	 a	mean	 size	 of	 3.25	±	0.03	cm	 (mean	±	SE).	 Although	
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Variation	 in	 shell	BE	among	archipelagos,	 although	affected	by	 size	
(SL),	 was	 relatively	 higher	 than	 variation	 among	 islands	 (Figure	2).	









tected	between	 the	 two	P. candei	morphotypes	 in	Azores	 (ANOVA,	
p	<	.01).	Differences	were	only	detected	 for	 shell	 conicity,	with	 “fly	
limpets”	being	more	conical	then	“smooth	limpets.”
3.2 | Geometric morphometrics
The	 Procrustes	 ANOVA	 analysis	 on	 the	 full	 shell	 shape	 dataset	 re-
vealed	 a	 significant	 interaction	 between	 archipelago	 and	 size,	 indi-












detected	among	archipelagos	 for	 the	 two	 subsets	 (SMALL	and	BIG;	















and	 the	Madeira	 samples.	Whereas	 Azorean	 shells	 are	 oval	 with	 a	
smoother	margin,	the	Canaries	samples	exhibit	some	ridges	along	their	
shell	 border.	 The	 pentagon	 look-	alike	 shape	 of	P. candei	 in	Madeira	
stands	out	from	the	remaining	archipelagos	(Fig.	S5).	As	for	shell	shape	


















Five	 loci	 failed	to	amplify	 in	 individuals	 from	Madeira	and	Canaries:	
Loci	CAN9,	CAN26,	and	CAN33	did	not	amplify	at	all	 in	 these	 two	
populations	 and	 two	 additional	 loci	 failed	 to	 amplify	 in	 more	 than	







quencies	 (HO)	were	 relatively	 low	and	 ranged	 from	0.157	 to	0.364,	
while	expected	(HE)	heterozygosity	frequencies	ranged	from	0.304	to	
0.484	 (Table	S7).	No	significant	 linkage	disequilibrium	was	detected	
for	 any	 pairs	 of	 loci.	 Except	 for	 loci	 CAN23	 and	 CAN53,	 all	 other	
















The	 STRUCTURE	 and	 DAPC	 analyses	 provided	 support	 for	 the	
genetic	differentiation	 indicated	by	FST	and	Dest.	 In	 fact,	 the	genetic	
structure	inferred	from	the	560	individuals	of	P. candei	and	the	12	mi-
crosatellite	loci	using	the	Bayesian	model-	based	clustering	algorithm,	








df R2 Z F
SIZE	log(CS) 1 .136 9.814 15.480***
ARCHIPELAGO 2 .149 6.695 8.502***
SIZE	log	(CS)	×	 
ARCHIPELAGO
2 .039 2.146 2.226***
Total 82
Slope pairwise comparison AZORES CANARIES MADEIRA
AZORES – 0.121* 0.118*
CANARIES 47.4 – 0.097*
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and	 Canaries	 populations.	 Similarly,	 two	well-	defined	 clusters	were	
retrieved	 on	 the	 Madeira	 and	 Canaries	 assignment	 analysis.	 Both	
STRUCTURE	and	DAPC	also	suggested	population	homogeneity	 for	
P. candei	 in	Azores	(K	=	1).	In	this	case,	for	the	STRUCTURE	analysis,	
the	 estimated	 membership	 of	 individuals	 to	 any	 given	 cluster	 was	
roughly	symmetric	(~1/K	in	each	population),	indicating	that	individu-
als	in	Azores	are	widely	admixed	and	belong	to	a	single	panmictic	pop-
ulation	 (Figure	5).	 Results	 from	 the	Bayesian	 clustering	 analysis	 and	





FLO COR FAI PIC SJO GRA TER SMI SMA MAD GCA
FLO – 0.020 0.010 0.000 0.018 0.005 0.002 0.022 0.033 0.505 0.594
COR 0.008 – 0.006 0.016 0.009 0.008 0.005 0.006 0.010 0.492 0.588
FAI 0.004 0.002 – 0.007 0.007 0.005 0.014 0.010 0.015 0.481 0.577
PIC 0.000 0.008 0.000 – 0.004 0.000 0.003 0.004 0.008 0.504 0.596
SJO 0.004 0.004 0.000 0.001 – 0.000 0.013 0.001 0.006 0.474 0.587
GRA 0.000 0.004 0.000 0.000 0.000 – 0.008 0.004 0.002 0.494 0.588
TER 0.005 0.010 0.011 0.009 0.009 0.006 – 0.014 0.020 0.500 0.597
SMI 0.005 0.007 0.000 0.000 0.000 0.000 0.009 – 0.000 0.493 0.594
SMA 0.006 0.008 0.006 0.001 0.002 0.000 0.010 0.000 – 0.499 0.597
MAD 0.319 0.307 0.296 0.308 0.286 0.308 0.336 0.314 0.323 – 0.203
GCA 0.388 0.376 0.360 0.373 0.361 0.377 0.405 0.385 0.392 0.127 –
Significant	values	after	FDR	correction	are	shown	in	bold.






a	 significant	 positive	 relationship	 was	 observed	 between	 genetic	





flow	 among	 archipelagos	 (Figure	7).	 No	 genetic	 differentiation	 was	








generation	 migrant	 from	Madeira	 (Table	 S10).	 Estimates	 of	 current	
gene	flow	rates	from	BIMr	for	populations	of	P. candei	were	consistent	








Here,	 we	 investigate	 current	 signs	 of	 population	 differentiation	
and	 connectivity	 in	 the	 P. candei	 complex	 across	 Macaronesia	 (NE	
















cies)	 endorsed	 to	 a	 given	 archipelago	 should	 be	 treated	 as	 a	 single	
conservation	unit.
4.1 | Shell shape variation between archipelagos
There	 have	 been	 few	 attempts	 to	 describe	 and	 distinguish	 limpet	
species	 and/or	morphotypes	 using	 shell	 morphometry	 (e.g.,	 Cabral,	
2007;	Denny,	2000).	The	difficulties	of	such	methods	rely	on	the	fact	
that	 limpet	 shells	 have	 a	 suboval	 shape	without	 any	 clear	 external	
homologous	 landmarks	 (except	 for	 the	 shell	 apex)	or	 readily	 identi-






morphometrics	 has	 furthered	 the	 ability	 of	 researchers	 to	 differen-
tiate	 species	 and	 or	 specimens	 based	 on	 morphological	 characters	
(e.g.,	Baylac,	Villemant,	&	Simbolotti,	2003;	Davis,	Douglas,	Collyer,	&	











The	 differences	 found	 between	 both	methods	 are	 likely	 associated	
to	 (1)	 the	 fact	 that	 distance-	based	 data	 contain	 relatively	 little	 in-
formation	about	shape	because	many	of	 the	measurements	overlap	
and/or	are	correlated	to	each	other,	and	shape	can	only	be	derived	
from	ratios	among	particular	measurements	and	 (2)	 the	 inclusion	of	







morphometrics	 differ	 among	 archipelagos,	 and	 globally,	 differences	
are	mostly	found	between	Madeira	samples	and	the	remaining	archi-
pelagos;	both	small	and	 large	 limpets	 from	Azores	and	Canaries	are	
more	similar	between	them	than	with	samples	from	Madeira.	Whereas	
genetic	 data	 suggest	 a	 closer	 relationship	 between	 P. candei	 from	
Madeira	and	Canaries	populations	(see	Sections	3	and	4	below),	shell	






associated	with	 mixed	 effects	 of	 ancient	 vicariance	 events,	 genetic	
drift	and	particular	local	adaptations	under	restrictive	gene	flow	that	















lands.	Moreover,	 the	 adaptive	 phenotypic	 plasticity	 associated	with	
multiple	 environmental	 conditions,	which	 is	 common	 in	many	 inter-
tidal	molluscs	(e.g.,	De	Wolf,	Backeljau,	Medeiros,	&	Verhagen,	1997;	





ciated	 to	 surfaces	highly	exposed	 to	hydrodynamic	 forces	 (Hawkins	
et	al.,	 1990).	 Under	 particular	 circumstances,	 such	 phenotypic	 plas-
ticity	can	set	 the	baseline	 for	sympatric	speciation	and	evolutionary	
divergence	 of	 habitat	morphs	 (see	Agrawal,	 2001).	 In	 fact,	 environ-

















ecological	 gradients,	without	 the	 need	 of	 a	 complete	 allopatric	 iso-
lation,	has	also	been	shown	for	the	Hawaiian	endemic	limpets	of	the	
genus	Cellana	(Bird,	Holland,	Bowen,	&	Toonen,	2011).
4.2 | Population genetic structure and contemporary 
connectivity
Genetic	 differentiation	 estimates	 among	 archipelagos	 revealed	
a	 highly	 structured	 pattern	 in	 the	 P. candei	 complex	 across	















From/into Azores Madeira Canaries
(a)	BAYESASS	v.3.0
AZORES 0.999	(0.997–1.000) 0.006	(0.000–0.019) 0.007	(0.000–0.020)
MADEIRA 0.001	(0.000–0.002) 0.979	(0.953–1.000) 0.009	(0.000–0.024)
CANARIES 0.001	(0.000–0.002) 0.015	(0.000–0.037) 0.985	(0.963–1.000)
(b)	BIMr
AZORES 1.000	(0.993–1.000) 0.000	(10−5–0.003) 0.000	(10−17–0.005)
MADEIRA 0.000	[0.000–0.051) 0.999	(0.910–0.996) 0.000	(0.000–0.082)
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and	Canaries,	which	 are	 about	400	km	apart,	 also	 show	significant	
genetic	 differentiation	 and	 limited	 contemporary	 connectivity.	 In	
fact,	migratory	events	between	Madeira	 and	Canaries	 are	unlikely,	





as	 a	putative	 stepping	 stone	 for	gene	 flow	 requires	 further	exami-
nation.	As	for	Azores,	despite	the	wide	geographical	distribution	of	
its	 islands	 across	 (~600	km),	 the	minimum	and	maximum	distances	
among	 any	 pair	 of	 adjacent	 islands	 that	 pelagic	 larvae	must	 travel	
among	islands	are	approximately	32	and	220	km,	respectively.	Such	
distances	 do	not	 seem	 to	offer	 an	obstacle	 and	 allow	populations’	
gene	pool	across	all	 islands	to	be	homogenized	via	 larval	transport.	
Although	 genetic	 differentiation	 among	 archipelagos	 seems	 to	 be	
highly	correlated	with	geographic	distance,	the	unbalanced	nature	of	
sampling,	the	fact	that	connectivity	within	archipelago	(i.e.,	Azores)	



















2008).	Under	such	scenario,	because	 larvae	are	 less	 likely	 to	travel	
longer	distances,	populations	farther	away	from	each	other	would	be	
more	genetically	distinct.
The	 failure	 of	 some	 microsatellites,	 which	 were	 isolated	 from	
the	genome	of	P. candei	samples	from	Azores,	 in	amplifying	 individ-
uals	from	Madeira	and	Canaries	may	further	suggest	substantial	ge-
netic	break	among	archipelagos.	The	reduced	marker	polymorphism	




and	 those	 provided	 by	 Sá-	Pinto	 et	al.	 (2005,	 2008).	 In	 their	 study,	
samples	 from	 Azores	 and	 Madeira	 grouped	 together	 in	 a	 well-	










archipelago	 remained	 isolated	 and	 evolved/adapted	 allopatrically	





being	 the	 oldest	 (~29.5	Ma)	 and	Azores	 the	youngest	 (<6	Ma),	 but	





from	 the	Atlantic	 (Krijgsman	 et	al.,	 1999)	may	 have	 contributed	 to	
the	 expansion	 and	 allopatric	 differentiation	of	P. candei	 throughout	
Macaronesia.	As	suggested	for	the	endemic	Macaronesia	periwinkle	
Tectarius striatus	 (den	 Broeck,	 Breugelmans,	 De	Wolf,	 &	 Backeljau,	
2008),	 P. candei	 may	 have	 colonized	Macaronesia	 in	 periods	when	
sea	levels	were	lower,	so	that	seamounts	peaked	above	sea	level	and	
acted	as	stepping	stones	between	archipelagos.	Therefore,	adaptive	
processes	 associated	 with	 niche	 differentiation	 and	 physical/geo-
graphical	isolation	among	populations	may	correspond	to	the	under-
lying	mechanisms	for	P. candei	diversification	in	Macaronesia.	In	the	









coexistence	of	P. candei candei	(the	Selvagens	ecotype)	and	P. candei 
crenata	 in	 Canaries	 islands;	 although	 isolated	 specimens	 of	 P. can-
dei candei	were	 identified	 in	El	Hierro	and	Tenerife	 islands,	 this	co-	
occurrence	is	now	mainly	restricted	to	a	single	island:	Fuerteventura	
(González-	Lorenzo	et	al.,	2016).
4.3 | Conservation of limpet population in 
Macaronesia
The	aim	of	conservation	is	not	simply	to	safeguard	species	from	going	


















levels	 of	 variation,	 the	 reduced	 genetic	 diversity	 observed	 can	be	 a	
consequence	of	high	levels	of	population	inbreeding	caused	by	inten-
sive	 exploitation.	As	harvesting	 is	mainly	 aimed	 at	 larger	 individuals	






P. candei	complex,	P. candei candei	is	considered	in	danger	of	extinction	
under	the	Spanish	Catalogue	of	Endangered	Species	and	is	now	mainly	













(Diogo,	 Pereira,	&	 Schmiing,	 2016;	 López	 et	al.,	 2012;	Martins	 et	al.,	
2010;	Riera	et	al.,	2016),	mostly	because	of	illegal	harvesting	and	lack	
of	 or	 insufficient	 enforcement.	 Protective	 measures	 need	 to	 be	 ad-
justed	to	the	particular	 life-	history	traits	of	P. candei	 in	each	archipel-
ago	 (e.g.,	 temporal	variation	 in	 reproduction,	 recruitment,	 population	










about	 connectivity	 patterns	 in	P. candei	 and	help	 better	 defining	 the	
establishment	of	such	areas	within	each	archipelago.
Under	 the	 very	 probable	 assumption	 that	 P. candei	 from	 each	
archipelago	 forms	 a	 geographically	 and/or	 ecologically	 isolated	
population,	 the	various	 subspecies	within	 the	P. candei	 complex	 as	
previously	proposed	by	Christiaens	 (1973)	may	be	best	 thought	as	
true	 species	 using	 the	 denomination:	 Patella candei	 in	 Selvagens,	
Patella gomesii	in	Azores,	Patella ordinaria	in	Madeira,	and	Patella cre-
nata	 for	Canaries.	Whether	 this	would	 facilitate	current	 taxonomic	
misinterpretations	 and	 conservation	 needs,	 further	 research	 is	 still	
required,	 especially	 in	 diagnosing	 intrinsic	 reproductive	 isolation	
(Frankham	 et	al.,	 2012).	Ultimately,	 this	 elevation	 of	 subspecies	 to	
species	 level	 would	 be	 in	 agreement	 with	 stock	 delimitation	 and	
units	of	conservation	 (Hawkins	et	al.,	2016)	with	potential	benefits	
for	management	plans	aimed	at	 the	preservation	of	 limpets	 stocks	
across	the	Macaronesia	region.
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